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Background: The microtubule-associated protein Tau binds to both inner and outer surfaces of 
microtubules, leading to tubulin assembly and microtubule stabilization. The aim of this study 
was to evaluate the significance of Tau, a-tubulin, and pill-tubulin expression in breast carcinoma 
and to assess their relationships with disease progression in the context of taxane treatment. 
Methods: Immunohistochemical expressions of Tau, a-tubulin, and pill-tubulin were assessed in 
183 breast cancer cases. Expression was correlated with clinicopathologic parameters, disease 
progression and overall survival. Results: Tau expression was correlated with lymph node metas- 
tasis and estrogen receptor (ER) positivity (p=.003 and p<.001, respectively). Loss of a-tubulin 
was significantly correlated with distant metastasis (p=.034). Loss of pill-tubulin was correlated 
with lymph node metastasis and ER positivity (p = .004 and p< .001 , respectively). In taxane- 
treated cases, Tau expression and loss of a-tubulin and pill-tubulin expression were related to 
disease progression (p=.001, p=.028, and p=.030, respectively). Tau expression was associat- 
ed with a worse survival rate in taxane-treated patients (p = .049). Conclusions: Tau expression 
and loss of a-tubulin and pill-tubulin expression were correlated with aggressive behavior in tax- 
ane-treated breast cancer. Further evaluation of Tau, a-tubulin and pill-tubulin may be useful in 
predicting clinical behavior and seeking therapeutic measures in taxane-based chemotherapy for 
breast cancer. 
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Breast cancer is one of the most common malignancies and is 
the leading cause of cancer death among women. 1 The heteroge- 
neous nature of its histology, phenotype and clinical behavior 
leads to the need for targeted therapeutic agents. Tau, a micro- 
tubule-associated protein (MAP), binds to both the inner and 
outer surfaces of microtubules, leading to tubulin assembly and 
microtubule stabilization. 2 Tubulin heterodimers consist of a- 
and (3-tubulins, and the (3-subunit binds taxane and causes sup- 
pression of both microtubular dynamics and cell proliferation. 3 
Overexpression of (3111-tubulin has been demonstrated in a vari- 
ety of malignancies, including non-small-cell lung cancer and 
ovarian, gastric, prostate and breast cancers. 4 Previous studies 
have implicated Tau and tubulin expression in breast cancer. 5 " 11 
The purpose of this study was to evaluate the expression of the 
MAP Tau, a-tubulin, and (3111-tubulin in breast cancer and cor- 
relate their expressions with known clinicopathologic parame- 



ters, disease progression and overall survival of patients. Further- 
more, the relationships among Tau, a-tubulin, and (3111-tubulin 
expression and disease progression and overall survival of the pa- 
tients were also evaluated in the context of taxane use as adju- 
vant chemotherapy 

MATERIALS AND METHODS 

Clinical samples 

A total of 183 primary breast carcinoma patients who had un- 
dergone surgical resection at St. Vincent's Hospital (Suwon, Ko- 
rea) between January 1999 and August 2007 and had available 
follow-up data were included in this study Neither chemothera- 
py nor radiotherapy was performed before surgery. Formalin- 
fixed paraffin-embedded (FFPE) tissue and clinical data were 
collected for each patient. All of the archival hematoxylin and 
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eosin (H&E)-stained slides for each patient were reviewed. The 
nuclear grades and histologic grades were evaluated according to 
the Nottingham grading system. 12 The tumor stages were evalu- 
ated according to the criteria of the 7th edition of the American 
Joint Committee on Cancer (AJCC). Medical records were col- 
lected and reviewed retrospectively. Disease progression was de- 
fined as local recurrence, distant metastasis or disease-related 
death. This study was approved by the Institutional Review 
Board of The Catholic University of Korea (VC12SISI0158). 

Tissue microarray 

Tissue microarrays (TMAs) were constructed from FFPE tis- 
sue blocks of 183 invasive carcinomas. The representative tumor 
site was chosen on H&E slides, and the site corresponding to the 
confirmed tumor site in the paraffin block was marked. Areas 
with necrosis, hemorrhage and artifacts were excluded. One se- 
lected area per each case was harvested using a 2 -mm Quick- 
Ray tip-punch (Micro Digital Co., Seoul, Korea) and was trans- 
ferred to a TMA mold with 60 pores and re-embedded with 
paraffin. TMA blocks were prepared as 4-um-thick sections and 
were stained with H&E staining methods. The tissues were then 
examined to determine whether the appropriate tumor site had 
been selected. 

Immunohistochemistry 

Immunohistochemical staining was conducted on 4-um sec- 
tions of the TMA blocks. The paraffin sections were mounted on 
poly-L-lysine-coated glass slides, deparaffinized, and rehydrated 
in a graded series of ethanol, followed by antigen retrieval using 
a microwave. Endogenous peroxidase activity was blocked by 
treating the slides with 3% H2O2 in methanol for 10 minutes at 
room temperature. The primary antibodies were incubated over- 
night at 4°C. The following primary antibodies were used: Tau 
(1:200, #RB-1239-R7, Lab Vision, Fremont, CA, USA), a- 
tubulin (1:200, #RB-9281-R7, Lab Vision), (3111-tubulin (1:800, 
MU177-UC, BioGenex, San Ramon, CA, USA), estrogen recep- 
tor (ER; 1:300, 6F11, Novocastra, Newcastle upon Tyne, UK), 
progesterone receptor (PR; 1:600, 16, Novocastra), and HER2 
(1:1,800, polyclonal, Dako, Glostrup, Denmark). Immunostain- 
ing was conducted using the rabbit or mouse DAKO Chem- 
Mate EnVision system and Peroxidase/DAB kit (Dako). The 
sections were then counterstained with Mayer's hematoxylin and 
dehydrated, cleared, and mounted. Normal breast epithelium 
was used as a positive control for Tau. Skin tissue was used as a 
positive control for a-tubulin and (3111-tubulin. Omission of the 
primary antibody served as a negative control. 
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The immunohistochemical staining and histology were ex- 
amined independently by two pathologists. Evaluation was per- 
formed twice for each case without any knowledge of the specif- 
ic diagnosis or prognosis. The cases with discrepant scores were 
discussed between pathologists to obtain a consensus. Immuno- 
reactivity was interpreted in the cytoplasm for Tau, a-tubulin, 
and (3111-tubulin. The staining intensity was graded as follows: 
0, negative; 1 + , weak; 2 + , moderate; and 3 + , intense. Staining 
intensity of 0 or 1 + was interpreted negative, and tumors with 
2+ or 3+ staining intensity were interpreted as positive. 

Statistical analysis 

Statistical analyses were performed using SPSS ver. 13.0 (SPSS 
Inc., Chicago, IL, USA). The two-sided p-values were deter- 
mined via chi-square tests and Fisher's exact test to evaluate the 
associations of expression of markers with clinicopathologic fea- 
tures of tumor and disease progression. Overall survival was ana- 
lyzed using the Kaplan-Meier method with log-rank test. A val- 
ue of p < .05 was considered significant for all of the analyses. 

RESULTS 

Patient characteristics 

The mean age of the 183 patients was 51.5 years (range, 30 to 
81 years). The median follow-up duration was 75.4 months 
(range, 2.3 to 179 months) after the primary surgery. One hun- 
dred forty-two (77.6%) patients were treated with adjuvant che- 
motherapy. Forty-five of those (31.7%) received taxane (docetaxel 
or paclitaxel)-containing regimens. Of the 183 total patients, 14 
(7.7%) had local recurrence, 30 (16.4%) developed distant me- 
tastasis, and 19 (10.4%) died due to disease during follow-up. 

Expression of Tau, a-tubulin, and (3111-tubulin 

Normal breast epithelium expressed Tau with moderate (2+) 
staining. Occasional weak (1+) to moderate (2+) staining of 
a-tubulin and (3111-tubulin was observed in the normal breast 
epithelium. Of the 183 breast carcinoma cases, Tau, a-tubulin, 
and (3111-tubulin were expressed in 114 (62.3%), 54 (29-5%), 
and 111 (60.7%) cases, respectively. Representative examples of 
the immunohistochemical staining for each protein are present- 
ed in Fig. 1. 

Relationships between Tau, a-tubulin, and (3111-tubulin and 
clinicopathologic factors 

The correlations between Tau, a-tubulin, and (3111-tubulin 
and clinicopathological variables are presented in Table 1. Tau 
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Fig. 1. Immunohistochemical results for Tau, a-tubulin, and pill-tubulin. Tau: 0 < 
and 3+ (H); and pill-tubulin: 0 (I), 1+ (J), 2+ (K), and 3+ (L). 



1+ (B), 2+ (C), and 3+ (D); a-tubulin: 0 (E), 1+ (F), 2+ (G), 



expression was significantly associated with lymph node metas- 
tasis (p = .003). On the contrary, expressions of a-tubulin and 
pill-tubulin were inversely correlated with lymph node metasta- 
sis (p = .032 and p < .001, respectively). Tau and pill-tubulin ex- 
pression was significantly associated with higher nuclear grade 
(p< .001 and p = .006, respectively) and higher histologic grade 
(p< .001 and p< .001, respectively). Tau expression was signifi- 
cantly increased in ER- and PR-positive cases (p<.001 and 
p<.001, respectively), and in HER-2 -negative cases (p=.001). 
pill-tubulin expression was significantly increased in ER-nega- 



tive cases (p<. 001). 

Relationships between Tau, a-tubulin, and pill-tubulin 
expression and disease progression 

The correlations between Tau, a-tubulin, and pill-tubulin 
and local recurrence of the tumor, distant metastasis or disease- 
related death are presented in Table 2. Local recurrence or dis- 
ease-related death was not correlated with expression of any of 
these proteins. However, loss of a-tubulin expression was sig- 
nificantly associated with distant metastasis (p = .034). 
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Table 1 . Relationships between Tau, a-tubulin, and (3lll-tubulin expression and clinicopathologic factors of breast cancer 



Clinicopathologic factor 


No. of cases (%) 






No. of positive cases (%) 






Tau 


p-value 


Q-Tubulin 


p-value 


pill-Tubulin 


p-value 


Age (yr) 


<50 


OO /C A H \ 

yy (o4.i) 


oo /C7 o\ 

bb (0/ .yj 


.185 


35 (64.8) 


.060 


ojr /CO a\ 

bo (oo.b) 


.133 




>50 


OA tAK o\ 


AO (AO -\\ 

4o (4z.1j 




19(35.2) 




Ad lA-\ A\ 

4b (41 .4) 




T stage 


1 


rr\ /no o\ 

oy [oi.i) 


OO /O A 0\ 

J9 (o4.2) 


.602 


20 (37.0) 


.425 


A O /O O 0\ 

40 (ob.O) 


.257 




2 


-i 0-7 /(TO C\ 

\\J( (oo.o) 


oo /(T7 o\ 

bb (o/ .yj 




31 (57.4) 




bo (ob.oj 






3 


17 (9.3) 


9 (7.9) 




3 (5.6) 




8 (7.2) 




LN metastasis 


0 


nc /fro cr\ 

yb (oz.o) 


/in //io o\ 
4y (4o.Uj 


.UUo 


36 (66.7) 


.032* 


cn /do o\ 
by (bz.z) 


nn/i* 
.UU4 




1-3 


CO /OQ /l\ 


A -\ /OR OA 

41 (ob.U) 




9(16.7) 




z4 [Z\ .0) 






>4 


or /HO H \ 


z4 (^1.1) 




9(16.7) 




-\ Q /^ P. o\ 




Stage 


I 


O/l /HQ C\ 

o4 (lo.b) 


on h i r\ 
Z\J (1 / .0) 


.100 


15(27.8) 


.079 


OK /OO C\ 

Zb [ZZ.b) 


nw 
.[]/ ( 




II 


h no /cc "7\ 
1(Jz (oo V) 


59 (51 .8) 




29 (53.7) 




bo (ob.o) 






III 


47 (25.7) 


oc /on ~7\ 
oo (oU./J 




10(18.5) 




oo /on "7\ 
ZO (^U./J 




Nuclear grade 


1 


11 (6.0) 


1 1 (9.6) 


< .001* 


3 (5.6) 


.843 


6 (5.4) 


.006* 




2 


^ oo /i c:\ 
1UU (04. 0) 


by (bU.0) 




28 (51 .9) 




oi (40. yj 






3 


72 (39.3) 


34 (29.8) 




23 (42.6) 




54 (48.6) 




Histologic grade 


1 


31 (16.9) 


28 (24.6) 


<.001* 


7(13.0) 


.341 


18(16.2) 


.001* 




2 


75 (41.0) 


52 (45.6) 




20 (37.0) 




35 (31.5) 






3 


77 (42.1) 


34 (29.8) 




27 (50.0) 




58 (52.3) 




ER 




94 (51 .4) 


35 (30.7) 


<.oor 


28 (51 .9) 


.932 


71 (64.0) 


<.001* 




+ 


89 (48.6) 


79 (69.3) 




26 (48.1) 




40 (36.0) 




PR 




106 (57.9) 


48(42.1) 


<.001* 


31 (57.4) 


.927 


70 (63.1) 


.080 




+ 


77 (42.1) 


66 (57.9) 




23 (42.6) 




41 (36.9) 




HER2 




129 (70.5) 


90 (78.9) 


.001* 


43 (79.6) 


.079 


77 (69.4) 


.679 




+ 


54 (29.5) 


24(21.1) 




11 (20.4) 




34 (30.6) 





LN, lymph node; ER, estrogen receptor; PR, progesterone receptor. 
^Statistically significant (p< .05). 



Table 2. Relationships between disease progression and Tau, a-tubulin, and pill-tubulin expression 





Total (n = 183) 


Local recurrence 




Distant metastasis 


Disease related death 






+ 


p-value 




+ 


p-value 


+ 


p-value 


Tau 


69 (37.7) 


65 (94.2) 


4(5.8) 


.463 


59 (85.5) 


10(14.5) 


.589 


64 (92.8) 5 (7.2) 


.279 


+ 


114(62.3) 


104 (91.2) 


10(8.8) 




94 (82.5) 


20 (17.5) 




100(87.7) 14(12.3) 




a-Tubulin 


129 (70.5) 


116(89.9) 


13(10.1) 


.056 


103 (79.8) 


26 (20.2) 


.034* 


113(87.6) 16(12.4) 


.166 


+ 


54 (29.5) 


53 (98.1) 


1(1.9) 




50 (92.6) 


4(7.4) 




51 (94.4) 3 (5.6) 




pill-Tubulin - 


72 (39.3) 


65 (90.3) 


7(9.7) 


.396 


59 (81.9) 


13(18.1) 


.625 


62(86.1) 10(13.9) 


.210 


+ 


111(60.7) 


104 (93.7) 


7(6.3) 




94 (84.7) 


17(15.3) 




102(91.9) 19(10.4) 





Values are presented as number (%). 
^Statistically significant (p< .05). 



Of the 142 patients who were treated by adjuvant chemo- 
therapy, 45 (31.7%) received a taxane-containing regimen and 
97 (68.3%) received a non-taxane-containing regimen. Disease 
progression was defined as local recurrence of the tumor, distant 
metastasis or disease-related death. The correlations between 
Tau, a-tubulin, and (3111-tubulin and disease progression accord- 
ing to the use of taxane are presented in Table 3. In the group 
treated with the taxane-containing regimen, Tau expression and 
loss of a-tubulin and (3111-tubulin expression were also signifi- 
cantly associated with disease progression (p = .001, p = .028, 
and p = .030, respectively). However, Tau, a-tubulin, and (3111- 
tubulin expression did not correlate with disease progression in 



the non-taxane-containing chemotherapy group (p = .943, 
p = .241 , and p = .93 1 , respectively). 

Overall patient survival 

The differences in overall survival rate according to clinico- 
pathologic and immunohistochemical parameters are summa- 
rized in Table 4. Lymph node metastasis and stage were the only 
factors that were significantly correlated with overall survival 
(p<.000 and p = .017, respectively). Tau, a-tubulin, and (3111- 
tubulin expression did not show any statistically significant rela- 
tionship to overall survival in the whole paitent sample (p= .258, 
p = .169, and p = .325, respectively). In the group that received 



http://dx.doi.Org/10.4132/KoreanJPathol.2013.47.6.534 



http://www.koreanjpathol.org 



538 • \mS,etal. 



Table 3. Relationships between Tau, a-tubulin, and (3111-tubulin expression and disease progression according to the use of taxane-based 
chemotherapy 





Non-taxane-containing regimen 




Taxane-containing regimen 


Chemotherapy received patients 




n = 97 


No. of progressions (%) 


p-value 


n = 45 


No. of progressions (%) 


p-value 


n = 1 42 No. of progressions (%) p-value 


Tau 


37 


7(18.9) 


.943 


19 


1 (5.3) 


.001* 


56 


8(14.3) .041* 


+ 


60 


11 (18.3) 




26 


14(53.8) 




86 


25 (29.1) 


a-Tubulin 


70 


15(21.4) 


.241 


29 


13(44.8) 


.028* 


99 


28(28.3) .031* 


+ 


27 


3(11.1) 




16 


2(12.5) 




43 


5(11.6) 


Plll-Tubulin - 


44 


8(18.2) 


.931 


17 


9 (52.9) 


.030* 


61 


17(27.9) .257 


+ 


53 


10(18.9) 




28 


6(21.4) 




81 


16(19.8) 



^Statistically significant (p< .05). 

Table 4. Kaplan- Meier analysis of overall survival 



Kaplan-Meier analysis 



n 



No. of deceased p-value 



Age (yr) 
T stage 

LN metastasis 

Stage 

Tau 

a-Tubulin 
Blll-Tubulin 



<50 

>50 

1 

2 

3 

0 

1-3 

>4 

I 



99 
84 
59 

107 
17 
96 
52 
35 
34 

102 
47 
69 

114 

129 
54 
72 

111 



Taxane-containing chemotherapy group 

Tau - 19 

+ 26 

a-Tubulin 29 

+ 16 

Plll-Tubulin 17 

+ 28 
Non-taxane-containing chemotherapy group 

Tau - 37 

+ 60 

a-Tubulin - 70 

+ 27 

Plll-Tubulin 44 

+ 53 



10 
9 
4 

11 
4 
2 

11 
6 
1 
9 
9 
5 

14 

16 
3 

10 
9 

0 
7 
7 
0 
4 
3 

4 
6 
8 
2 
4 
6 



.659 
.151 

<.000* 

.017* 

.258 
.169 
.325 

.049* 
.066 
.396 

.999 
.578 
.758 



LN, lymph node. 

^Statistically significant (p< .05). 

taxane-containing regimens, patients with Tau expression had a 
poor overall survival rate (p = .049). However, a-tubulin and 
(3111-tubulin expression did not show any statistically significant 
relationship to overall survival in this group (p = .066 and p = 
.396, respectively). Tau, a-tubulin, and (3111-tubulin expression 
did not relate to overall survival in patients treated with a non- 



Taxane-containing chemotherapy 



1.0 

0.8 - 

03 0. 
> 

<7) o.4 - 
0.2 
0.0 




p = .049 



Tau 

Negative 
1 Positive 
Negative-censored 
Positive-censored 



0.0 50.0 100.0 150.0 200.0 

Time (mo) © 

Non-taxane-containing chemotherapy 



1.0 
0.8 

aj 0.6 

> 

(7) 0.4 
0.2 
0.0 



p = .999 



Tau 

Negative 
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Negative-censored 
Positive-censored 



S> S> S> S> o? o? 

* <S> <S> ^ N £> 

Time (mo) © 

Fig. 2. Survival curve according to Tau expression. (A) Patients 
with Tau expression have a worse overall survival rate in the tax- 
ane-containing chemotherapy group (p = .049). (B) In the non-tax- 
ane-containing chemotherapy group, Tau expression does not af- 
fect the overall survival (p = .999). 

taxane-containing regimen (p = .999, p = -578, and p = .785, re- 
spectively). The overall survival according to Tau expression and 
taxane treatment is depicted in Fig. 2. 
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DISCUSSION 

MAPs are a family of proteins that bind to and stabilize mi- 
crotubules. Tau, one of the most extensively investigated MAPs, 
binds to both the inner and outer surfaces of microtubules and 
plays an important role in the bundling, spacing and assem- 
bling of microtubules. 6 By sharing the same binding site as tax- 
anes, Tau can compete with these drugs. 13 Taxanes (e.g., pacli- 
taxel and docetaxel) bind to tubulin and cause suppression of 
micro tubular dynamics, which inhibits spindle formation and 
leads to cell cycle arrest during the G2/M phase. 2 

Several studies regarding the prognostic and predictive value 
of Tau expression have been reported in the treatment of breast 
cancer. Rouzier et al. 6 evaluated Tau expression in 122 breast 
cancer patients who had received neoadjuvant chemotherapy of 
paclitaxel. Forty-four percent of Tau-negative tumors (28/64) 
had pathologic complete response (CR), compared with 17% of 
Tau-positive tumors (10/58) (p = .04). Tanaka et al? evaluated 
Tau expression in metastatic breast cancer patients. Sixty per- 
cent of Tau-negative expression showed favorable response (CR 
or partial response [PR]) to paclitaxel administration compared 
to 15% of Tau-positive expression. Shao et al. 14 analyzed Tau 
expression in 54 advanced breast cancer patients who received 
first-line chemotherapy of paclitaxel and cisplatin. Tau expres- 
sion was significantly associated with lower overall response rate 
(CR or PR) (p = .02). However, several studies have claimed 
contractor findings. Pentheroudakis et alP evaluated Tau ex- 
pression in 274 high-risk early breast cancer patients treated 
with paclitaxel, but Tau mRNA status did not predict a clinical 
benefit from taxanes. Andre et alJ reported that low Tau expres- 
sion was associated with sensitivity to paclitaxel-containing 
preoperative chemotherapy in only ER-positive cases. Our re- 
sults showed that Tau expression was significantly higher in the 
ER- and PR-positive groups (p< .001 and p< .001, respective- 
ly), supporting the relationship with Tau and hormone-related 
factors. In this study, the response to chemotherapy was evalu- 
ated in the form of disease progression. Tau expression was asso- 
ciated with aggressive tumor behavior (p = .001) in patients 
treated with taxane-containing regimen, suggesting that Tau- 
negative cases may benefit more from taxane-containing che- 
motherapy compared to Tau-positive cases. Tau expression was 
also associated with worse overall survival in patients treated 
with taxane-containing regimens (p = .049). 

Tubulin heterodimers consist of a-tubulins and (3 -tubulins. 
a-Tubulin is also a structural component of the centrosome 
with y-tubulin. Niu etal. 16 reported that centrosomal a-tubulin 
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and y-tubulin were overexpressed in breast premalignant le- 
sions and carcinoma, and that the expressions of a-tubulin and 
y-tubulin positively correlated with the development of breast 
cancer. Banerjee reported elevated levels of a-tubulin in the pa- 
clitaxel-resistant cell line from MCF-7 breast cancer cells. 17 
However, there have not been many additional studies about 
the associations of a-tubulin expression and clinicopathologic 
features of breast cancer including disease progression. In our 
study, loss of a-tubulin expression was significantly associated 
with lymph node metastasis (p = .032) and distant metastasis 
(p = .034). In the taxane-containing chemotherapy group, loss 
of a-tubulin expression was significantly associated with disease 
progression rate (44.8% vs 12.5%, p = .028). On the other 
hand, a-tubulin did not show any correlation with disease pro- 
gression in the non-taxane-containing chemotherapy group 
(p= .241). This suggests that a-tubulin expression can be used 
as a predictive marker for disease progression in taxane-contain- 
ing chemotherapy. However, a-tubulin expression was not re- 
lated to overall survival in patients treated with taxane-contain- 
ing regimens (p = .066). 

(3 -Tubulin, the other component of the tubulin heterodimer, 
is known to have eight different isoforms. 3 Of these, (3111-tubulin 
plays a critical role in cell proliferation, differentiation and tu- 
morigenesis due to its unique depolymerization activity. 14 Over- 
expression of (3111-tubulin has been demonstrated in a variety of 
malignancies, including non-small-cell lung cancer and carcino- 
ma of the ovary, stomach, pancreas, prostate and breast. 4 Recent 
studies have reported the association of (3111-tubulin expression 
with response to taxane treatment. Yuan et al. 18 investigated 
(3111-tubulin expression in advanced breast cancer with docetaxel 
therapy. They reported that there were significant differences be- 
tween the effective rate (CR+PR) of patients with positive ex- 
pression of (3111-tubulin (37.50%) and that of patients negative 
for expression (61.54%) (p< .01). On the contrary, Wang et al. A 
reported that, in ER-negative tumors, high (3111-tubulin expres- 
sion was significantly associated with lower residual cancer bur- 
den in all patients treated with neoadjuvant chemotherapy 
(p = .021) and in those treated with taxane (p = .038). In our 
study, (3111-tubulin expression was associated with higher nuclear 
and histologic grade (p = .006 and p = .001, respectively). Loss of 
(3111-tubulin was also associated with ER positivity (p< .001). In 
the taxane-containing chemotherapy group, loss of (3111-tubulin 
expression was significantly associated with a higher disease pro- 
gression rate (52.9% vs 21.4%, p = .030). (3111-Tubulin did not 
show any correlation with disease progression in the non-taxane- 
containing chemotherapy group (p = .931). This suggests that 
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loss of (3111-tubulin expression could be used as an indicator of 
chemoresistance in taxane-based chemotherapy. However, (3111- 
tubulin expression did not relate to overall survival in the taxane- 
containing chemotherapy group (p= .396). 

This study is limited as it was conducted retrospectively on 
surgically removed breast cancer tissue. The patients included 
in this study had received diverse treatments, and the response 
to chemotherapy was only available in the form of disease pro- 
gression and overall survival. 

Our data show that Tau expression and loss of a-tubulin and 
(3111-tubulin expression are associated with aggressive behavior 
in breast cancer treated with taxane-containing chemotherapy. 
Furthermore, in the taxane-containing chemotherapy group, 
Tau expression in patients was significantly associated with 
worse overall survival rate. Further evaluation of Tau, a-tubulin, 
and (3111-tubulin may be useful in predicting clinical behavior 
and seeking therapeutic measures in taxane-based chemothera- 
py for breast cancer. 
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